The central region of the galaxy Henize 2-10 has a central black hole (BH) with a mass of about 2 × 10 6 M ⊙ . While this black hole does not appear to coincide with any central stellar over density, it is surrounded by 11 young massive clusters with masses above 10 5 M ⊙ . The availability of high quality data on the structure of the galaxy and the age and mass of the clusters provides excellent initial conditions for studying the dynamical evolution of Henize 2-10s nucleus. Here we present a set of N -body simulations of the central clusters and black hole to understand whether and how they will merge to form a nuclear star cluster. Nuclear star clusters (NSCs) are present in a majority of galaxies with stellar mass similar to Henize 2-10. Despite the results depend on the choice of initial conditions, we find that a NSC with mass M N SC ≃ 4 − 6 × 10 6 M ⊙ and effective radius r N SC ≃ 2.6 − 4.1 pc will form within 0.2 Gyr. This work is the first showing, in a realistic realization of the host galaxy and its star cluster system, that the formation of a bright nucleus is a process that can happen after the formation of a central massive BH leading to a composite NSC+BH central system. The merging process of the clusters does not affect significantly the kinematics of the BH, whose motion, after the globular cluster merger, is limited to a ∼ 1 pc oscillation at less than 2 kms −1 speed.
Introduction
The majority of observed galaxies with luminosity lower than 10 11 L ⊙ host in their nucleus a dense stellar system usually referred to as Nuclear Star Cluster (NSC) or "resolved stellar nuclei". Such systems are observed in galaxies along the whole Hubble sequence (Richstone et al. 1998; Böker et al. 2002; Côté et al. 2006; Turner et al. 2012; den Brok et al. 2014 ) and they are the densest stellar system known in the Universe, due to their high masses (up to 10 8 M ⊙ ) and small scale radii (only few pc). Moreover, it is not rare to find in galactic nuclei both a NSC and a super massive black hole (SMBH) (Seth et al. 2008; Graham & Spitler 2009 ). In particular, it seems that the center of galaxies with masses up to 10 8 − 10 9 M ⊙ are dominated by the presence of a NSC, while a MBH could be present but it is likely unseen due to resolution limit of present instruments. On the other hand, galaxies with masses above 10 11 M ⊙ are dominated by the presence of SMBHs. Between such ranges, instead, SMBHs and NSCs have similar masses (Graham & Spitler 2009; Neumayer & Walcher 2012; Kormendy & Ho 2013) . The fact that NSCs seem to dominate the center of smaller galaxies while SMBHs dominate heavier galactic centers suggests a link between such kind of objects, but the connection between the formation and evolution of NSCs and SMBHs is unknown. In the last years, many researches have been devoted to provide scaling relations connecting the SMBHs or NSCs and their hosts. For instance, Ferrarese et al. (2006) and Rossa et al. (2006) have shown that the relation between the NSC mass and the host velocity dispersion is similar to those provided for SMBHs. On the other hand, more recent studies have shown that this relation is shallower for NSCs (Leigh et al. 2012; Erwin & Gadotti 2012; Scott & Graham 2013) . The correlation between the central object (SMBH or NSC) and the host could provide important information about its formation hystory and evolution. At present there are several formation models for NSCs. In the scenario commonly referred to as "in-situ" model (King 2003 (King , 2005 Milosavljević 2004; Bekki et al. 2006) , the NSC forms if the time-scale over which the BH can grow by accretion is larger with respect the crossing time of the galaxy (Nayakshin et al. 2009; Hopkins & Quataert 2010) . It is interesting to note that such a scenario provides a relation between the NSC mass and the host velocity dispersion similar to those observed for SMBH. Other works proposed that a NSC forms first in the galactic nucleus, and then runaway collisions of massive stars can efficiently occur, due to the high NSC central density, leading to the formation of a SMBH seed. The SMBH seed will subsequently grows through stellar and gas accretion to become a SMBH (Portegies Zwart et al. 2004 ). On the other hand, at present there is considerable evidence for the formation of NSCs from the socalled "dry-merger" scenario, in which star clusters orbitally decay toward the galactic center under the action of the dynamical friction process (Tremaine et al. 1975; Tremaine 1976; Capuzzo-Dolcetta 1993; Capuzzo-Dolcetta & Mastrobuono-Battisti 2009) . The subsequent merging of the decayed star clusters would leads to the formation of a dense stellar nucleus with characteristics comparable to those of real nuclei. In this scenario, the presence of a central BH in the host galaxy could lead to the disruption of the decaying clusters, preventing the NSC formation. However, Antonini (2013) and Arca-Sedda & Capuzzo-Dolcetta (2014b) have shown that the tidal forces induced by the central SMBH and the galactic nucleus itself become significantly larger than the dynamical friction effect only in galaxies hosting BH with masses above 10 8 M ⊙ . The dry-merger scenario has been investigated through numerical simulations (Capuzzo-Dolcetta & Miocchi 2008b,a; ), but also via statistical and theoretical models (Leigh et al. 2012; Antonini 2013; Arca-Sedda & Capuzzo-Dolcetta 2014b) . These works have shown that such a scenario could explain the observed properties of the nuclei, and also provide an explanation for the observed NSC-host galaxy scaling relations recently updated by several works (Leigh et al. 2012; Erwin & Gadotti 2012; Scott & Graham 2013) . In this context, galaxies with star clusters near their photometric center seems to be a perfect laboratory to test the dry-merger scenario. Two examples are the Fornax dSph galaxy, the heaviest satellite galaxy of the Milky Way (Buonanno et al. 1999 (Buonanno et al. , 1998 Mackey & Gilmore 2003; Dinescu et al. 2004; Coleman et al. 2004; Goerdt et al. 2006; Read et al. 2006) , and the Henize 2-10 dwarf starburst galaxy (Johnson & Kobulnicky 2003; Ott et al. 2005a,b; Santangelo et al. 2009; Reines & Deller 2012) . A recent paper provided detailed constraints on Henize 2-10 properties Nguyen et al. (2014) . This galaxy hosts an accreting SMBH (Merloni et al. 2003; Kobulnicky & Martin 2010) of mass Log(M/M ⊙ ) = 6.3 ± 1.1 (Reines et al. 2011 ) and eleven young super star clusters (SSCs), with masses above 10 5 M ⊙ , placed at projected distances 140pc from the galactic center (Nguyen et al. 2014) ; on the other hand, no NSC has been detected. With informations available on the projected mass profile of the galaxy and the cluster masses and sizes, Henize 2-10 makes an interesting case study for testing the dry-merging scenario. In this paper we make use of direct-summation N -body simulations to investigate whether the evolution of the young star cluster system observed in Henize 2-10 could lead to the formation of a central stellar nucleus. We performed several runs in which the SSCs are evolved in an N -body model of Henize 2-10 and in which they are distributed with initial conditions that are consistent with observational constraints on their orbit and internal properties. The paper is organized as follows: in Section 2 we introduce the models used to represent galaxy and SSCs and give an estimate of the mass growth of the expected NSC by using proper semi-analytical arguments; in Section 3 the results of the simulations are presented and discussed; finally, Section 4 is devoted to a final discussion and conclusions.
2. Modeling the galaxy and the globular cluster system 2.1. The galaxy model Data provided by Nguyen et al. (2014) give virial estimates of the mass enclosed within two different values of the distance to the center of Henize 2-10:
as well as the effective radius of the inner component of the galaxy, R e = 6". At the estimated distance of ∼ 9Mpc to us (Reines et al. 2011) , the above values refer to the mass enclosed within 89 and 259 pc, respectively. We modeled the galaxy using the density profile model:
with M H the total mass of the galaxy, r s its scale radius, γ the inner density profile slope, and r tr the truncation radius of the model. At radii r ≪ r tr the model corresponds to a Dehnen density profile (Dehnen 1993 ) with mass distribution:
The scale length, r s , is related to the observed effective radius, R e , though the relation
To limit the number of particles in our direct N -body simulations of Henize 2-10 we decided to restrict our self-consistent, particle, representation of the galaxy to the inner radial region provided, of course, that this is large enough to ensure a good description of the environment in which clusters move (in Section 3.1, we will deepen the discussion about the "number of particles" problem). Due to this choice, in what follows we set M H = 1.6× 10 9 M ⊙ , γ = 1/2 and r tr = 150pc. This choice of parameters gives a good representation of the deprojected brightness profile of the galaxy within r 300pc and leads to a value of the galaxy mass within 6" in good agreement with Equation 2. Moreover, the projected velocity dispersion in the range 1" − 6" has a value of 41 kms −1 , very close to the observed value (Marquart et al. 2007; Nguyen et al. 2014) , ensuring a reliable representation of the dynamics of the clusters within the galaxy. In Figure 1 we compare the mass profile of our model with the mass profile obtained from the photometric data of Nguyen et al. (2014) , assuming for the galaxy a distance of d = 9Mpc. Since there is observational evidence that the galaxy hosts a massive black hole at its center (Reines et al. 2011 ), we included a central black hole as a point of mass M BH = 2.6 × 10 6 M ⊙ at the center of our galaxy model, generating the model N -body representation via a numerically calculated distribution function.
The globular cluster system model
We modeled each of the Henize 2-10 SSCs using a King model (King 1966) , for which Nguyen et al. (2014) provides mass, M SSC , core radius, r c , and projected galactocentric distance, R SSC . We investigate three different possibilities for the initial orbital distribution of the 11 SSCs. These three different initial conditions provide bounds on the dynamical friction inspiral times of the clusters. In what follows we will refer to these three choices of initial conditions as models S1, S2 and S3.
In model S1 the clusters were assumed to follow the distribution of the background galaxy, but with the constraint that the clusters projected position (onto a random plane) was consistent with the observed values of R SSC . In order to do so we first sample the galaxy using the density model of Equation 3, and then selected points from that sample with projected positions (on a random plane) similar to those observed for Henize 2-10 SSCs. The clusters initial velocities were drown accordingly to the isotropic distribution function corresponding to the density model of Equation 3. Model S2 corresponds to the assumption that the clusters are all located on the same plane, so that the projected and the spatial distances coincide, and that they are on circular orbits with velocities as required by the mass distribution of the galaxy. This scenario is motivated by the observed velocities of the clusters which rotate in the same sense as the molecular gas in Henize 2-10, and thus may lie in a disk (Santangelo et al. 2009; Nguyen et al. 2014 ). This represents the strongest possible scenario for dynamical friction formation of the star clusters. In model S3, instead, clusters are located on the same plane as in model S2 but their velocity vectors lie on such plane with random orientations. Once that the spatial positions of the clusters are obtained, we evaluate their tidal radius, r t , a parameter needed to define the cluster King model. In the hypothesis of circular orbit, the tidal radius of the cluster is given by:
where ω is the angular velocity of the cluster and (d 2 U/dr 2 ) r SSC is the second derivative of the potential evaluated along the SSC circular orbit (r SSC = const.). The knowledge of r t and r c makes possible the evaluation of the concentration of the cluster, c = r t /r c , which correlates with the dimensionless potential well depth, W 0 , needed to define the King model. Another parameter we can get to compare with observation is the effective radius, r ef f of the cluster, which can be evaluated from r c through the relation (Miocchi et al. 2013) :
The effective radii for the modeled cluster evaluated this way and reported in Table 1 are in agreement with those in Nguyen et al. (2014) . Tables 2 and 3 provide the main parameters for the star cluster system (SCSs) models, S1, S2 and S3, considered in this paper. Note that the cluster parameters for simulations S2 and S3 are the same since the positions of the clusters are the same in these two simulations. 
2.30 ± 0.60 1.27 ± 0.03 3.1 64.8 ± 1.4 28976 C2 0.92 ± 0.61 0.77 ± 0.01 1.9 36.9 ± 1.4 11590 C3
1.14 ± 0. Column 1: cluster name. Column 2: adimensional central potential. Column 3: concentration parameter. Column 4: tidal radius. Column 5: velocity dispersion. Column 6: galactocentric distance. Column 1: cluster name. Column 2: adimensional central potential. Column 3: concentration parameter. Column 4: tidal radius. Column 5: velocity dispersion. Column 6: galactocentric distance.
The NSC formation process in Henize 2-10: analytical predictions
Dynamical friction leads star clusters to decay toward the center of their parent galaxies (see for example Tremaine et al. (1975) , Capuzzo-Dolcetta (1993) ). In general, the easiest way to describe the action of dynamical friction in a galactic environment is by mean of Chandrasekhar's formula (Chandrasekhar 1943) in its local approximation. However, many works (Ostriker et al. 1989; Pesce et al. 1992; Capuzzo-Dolcetta & Vicari 2005; Arca-Sedda & Capuzzo-Dolcetta 2014a) showed that the so-called local approximation fails when the satellite moves in the innermost region of a galaxy. Arca-Sedda & Capuzzo-Dolcetta (2014a) developed a useful formula for the dynamical friction decay time valid for both cored and cuspy density profiles and also in the presence of a central black hole:
where γ is the previously defined exponent in the galactic density profile, 0 ≤ e ≤ 1 is the orbital eccentricity of the text point-like object whose mass is M and where r s (in kpc) and M H (in 10 11 M ⊙ ) are the scale radius and the total mass of the galaxy γ model. Note that Equation 8 is valid only for γ < 2. Equation 8 can be used to give an estimate of the evolution with time of the mass accumulated around the center of Henize 2-10 as a consequence of the orbital decay of the 11 clusters.
To have a meaningful idea of what we should expect from N -body simulations, for each of the 11 SSCs in Henize 2-10 we selected randomly values of initial orbital eccentricity and position. Then, for any given set of initial parameters we evaluated the mass accreted to the galaxy center. Figure 2 shows the mass accumulated around the center of the galaxy for 7 sets of random initial conditions; a mass consistent to that of a NSC is grown after a time in the range between 0.1 and 0.5 Gyr. Tables 4, 5 and 6 give the decay time of each cluster in the configuration S1, S2 and S3, respectively, evaluated using Equation 8. The semi-analytical formula of Equation 8 neglects the mass loss of clusters along their orbits, and thus represents a lower limit to the time needed to the decay and an upper limit to the quantity of cluster mass deposited into a NSC. A more realistic treatment requires N-body simulations, which we present in the following sections.
Equation 8 allows also to give an estimate of how much the SSCs studied here have shrinked their orbits since their initial positions during their (short) life. Under the assumption that the orbital eccentricity e has varied slowly along the evolution of the cluster orbit and given the actual galactocentric distance of the cluster, r SSC , and its age, τ , it is possible to estimate the initial galactocentric distance of the cluster, r 0 , by solving for r 0 the equation: Column 1: name of the cluster. Column 2: mass of the cluster in unit of 10 6 M ⊙ . Column 3: initial position in pc. Column 4: initial apocenter of the orbit in parsec. Column 5: eccentricity of the orbit. Column 6: dynamical friction time-scale in Myr evaluated using Equation 8. Column 1: name of the cluster. Column 2: mass of the cluster in unit of 10 6 M ⊙ . Column 3: initial position in pc. Column 4: initial apocenter of the orbit in parsec. Column 5: eccentricity of the orbit. Column 6: dynamical friction time-scale in Myr evaluated using Equation Column 1: name of the cluster. Column 2: mass of the cluster in unit of 10 6 M ⊙ . Column 3: initial position in pc. Column 4: initial apocenter of the orbit in parsec. Column 5: eccentricity of the orbit. Column 6: dynamical friction time-scale in Myr evaluated using Equation Column 1: name of the cluster. Column 2: initial position of the clusters at their birth, r 0 , normalized to the actual position, r SSC , for an age of 5Myr. Column 3: as in column 2, but for t age = 10Myr. Column 4: as in column 2, but for t age = 100Myr.
where both τ df (r 0 ) and τ df (r SSC ) are evaluated by Equation 8. The work by Chandar et al. (2003) suggests that all the 11 SSCs studied are very young, τ ≃ 5 Myr, therefore their r 0 values are close to the presently observed, r SSC values. Table 7 shows the ratio between the initial position and the actual position of the clusters, evaluated for t age = 5 − 10 − 100Myr, respectively. It is interesting to note that, even in the very unlikely case that the cluster age exceeds 100 Myr, they should have formed within 1 kpc from the Henize 2-10 center.
3. Results from N -body simulations 3.1. The "number of particles" problem
In this work we simulate the future dynamical evolution of the clusters observed in Henize 2-10, to see whether or not a nuclear stellar cluster will form, and in what time. To do this, we performed integrations by mean of the direct N -body code HiGPUs (Capuzzo-Dolcetta et al. 2013), a 6 th -order Hermite integrator which runs on hybrid platforms where CPUs are coupled to Graphic Processing Units (GPUs) acting as computing accelerators, fully exploiting in parallel the available machine.
Despite the great accuracy and speed of the code, the number of particles that we can use in this kind of simulations is limited to ∼ 10 6 . This means a significant limitation when aiming to create a self-consistent simulation of the whole galaxy, including the clusters and the central black hole. To reduce this problem, we limit the extension of our N -body sampling of the galaxy to a relatively small region, as explained in Section 2.1. In the simulations we set a gravitational softening ǫ = 0.02pc, which is a value much smaller than the core radius of the clusters, and thus allows for a good description of the internal dynamics of the clusters.
Moreover, we allowed for a difference between the mass of particles representing the galaxy, m g , and that of the particles in the clusters, m SSC , such that m g /m SSC = 8. This allows us to have a number of particles in the clusters, down to N ≃ 2000 for the smallest cluster in the Henize sample, sufficient to ensure reliability of results of their dynamical evolution. This reliability comes from that the two-body relaxation time of the smallest cluster of the sample is long enough to make the evaporation time (Binney & Tremaine 2008 )
much longer than the time extension of our N -body simulations. This guarantees that the global properties of the small clusters are preserved along the integration time although they are undersampled.
Configuration S1
As explained above, in this configuration the clusters have initial conditions obtained directly from the distribution function of the galaxy model given in Equation 3. Table 4 resumes the parameters which describe the SCS in this case.
In the following, each cluster will be identified with the letter C and a number between 1 and 11, as in Table 1 . Figure 3 shows the distance of each cluster from the central galactic BH as a function of time, as obtained by our N -body simulation. The C1, C2, C3 and C4 clusters are the more massive and, as expected, reach earlier (within few tens of Myr) the galactic center, in times that are in agreement with the analytical predictions. Figure 4 reports, indeed, the time evolution of the cluster orbits obtained with the N -body simulation with the semi-analytical method described in Arca-Sedda & Capuzzo-Dolcetta (2014a). Despite a not proper description of the trajectory of the smaller clusters, which are strongly affected in their motion by the presence of the other clusters and of the central BH, the semi-analytical orbit describe reasonably well the cluster orbital evolution. This confirms the reliability of the evaluations provided by Equation 8.
Clusters C5-11 are not affected significantly by dynamical friction because of their lower mass. A straightforward extrapolation of the time at which they should limit their motion closely around the galactic center leads to an estimate of the complete decay of the whole set of clusters within 500 Myr, with the only exception of cluster C9, which is expected to decay at ∼ 1 Gyr.
To evaluate the amount of mass that reaches the galactic center, in addition to the description of the cluster trajectory it is crucial to evaluate the actual cluster mass as function of time. To do this, in each time step, we evaluate the position of the center of mass of each cluster getting the tidal radius, r t (t) by Equation 6; then, we consider the updated mass of the cluster as the mass enclosed within r t (t).
In the 3 right panels of Figure 3 the evolution in time of the mass of the clusters is shown.
In this case, it is evident that massive clusters (C1-C4), lose their mass when they reach the galaxy center, contributing significantly to the formation of the nucleus.
On the other hand, small clusters (C5-C10) lose smoothly their mass to the field. The evolution of cluster C8 and C11, instead, is significantly affected by tidal forces, which strip away more than 70% of the initial clusters mass well before they reach the center of the galaxy.
In this context, Figure 5 gives information on the mass transported around the galactic center, showing the cumulative radial mass distribution of the SCS at different times. It is evident an initial phase lasting ∼ 40 Myr in which the mass accumulated within 20 pc increase until to the ∼ 55% of the total SCS mass, which represents in this configuration a "saturation" value for the accumulated mass. Combining this figure with Figure 3 makes evident that the major contribution to the central mass is given by C1-C4 clusters, while the other clusters decay more slowly, also because they are less bound and so lose their mass faster. Figure 6 shows the variation with time of the distance of the BH to the galactic center, revealing that in this S1 case the BH motion remains limited to a region of radial size less than 6 pc from its initial position. The maximum displacement, at about 40 Myr, corresponds to the close interaction with C1 (the heaviest cluster), as it can be checked by a comparison of Figure 6 and Figure 3 . The BH, after the main mergers completion, oscillates within 1 pc from the center with a residual speed of ∼ 2 kms −1 (see Figure 7) .
To understand whether the formation of a structure in the galactic nucleus occurs, we evaluated how much mass is transported from the clusters to the innermost region of the galaxy. This is shown in Figure 8 , which shows the amount of mass left within 4, 10 and 20 pc distance from the central BH as a function of time.
The evident steps in the increasing form of the function flag the time at which a new cluster reaches the Henize center. After 90Myr, the deposited mass within 20pc reaches a nearly constant value of 4 × 10 6 M ⊙ , i.e. 51% of the total SCS mass.
The presence of a NSC in the center of a galaxy is, observationally, usually revealed by the study of the surface luminosity profile of the inner part of the galaxy. In fact, a NSC tipically emerges in such profiles as an overdensity in the innermost region.
The initial and final surface density profiles are shown in Figure 9 . This clearly shows the structure built up by the decayed clusters within the central 10 pc (0.2").
The newly born NSC has a mass of M N SC (r < 10pc) ≃ 2.2 × 10 6 M ⊙ and an effective radius r N SC ≃ 4.17 pc.
Configuration S2
In the configuration S2 the SSC orbits lie all on the plane perpendicular to the line of sight. Such a configuration would result in the strongest dynamical friction. This scenario may also be closest to the clusters true distribution. The young clusters, all located to the East of the black hole and dynamical center, are all blueshifted (Nguyen et al. 2014 ). The gas in this region is rotating in the same direction (Cresci et al. 2010) , and overall the gas in the galaxy has a low inclination, i ∼38 • (Kobulnicky et al. 1995) . Thus it appears reasonable that the young clusters are in a rotating disk close to the plane of the sky.
Parameters of the clusters in this configuration are resumed in Table 3 and Table 5 .
In this case, clusters reach the galactic center in shorter times than in case S1 since they move on projected orbits, which are of course smaller than the corresponding 3D positions. The exceptions are clusters C7 and C8, that move as a binary.
Moreover, clusters that reach the center transport a significant fraction of their mass toward the nucleus, as shown in the right panels of Figure 10 .
The distance of the BH from the galactic center as a function of time is shown in Figure 6 . The black hole, after some relevant oscillations around its initial position, reaches in less than 20 Myr the galactic center due to the action of dynamical friction.
The cumulative radial mass distribution of the SCS at different times in this S2 model is reported in Figure 11 . It is interesting to note that after ∼ 30 Myr the mass distribution enclosed within 20pc from the BH does not change significantly since the dynamical friction timescale in this configuration do not exceed 20Myr for all the clusters, with the only exception of cluster C11, whose decay time is ∼ 40Myr.
The mass deposited within 4, 10 and 20 pc from the BH is shown in Figure 12 . The Figure  makes evident that, in this case, more than 50% of the SCS total mass reaches the galactic center giving rise to a stellar nucleus, clearly visible out to 10 pc (0.2") in the surface density profile, as shown in Figure 13 .
Such a structure has a total mass M N SC (r < 10pc) ≃ 3.5 × 10 6 M ⊙ and an effective radius r N SC ≃ 2.63 pc.
Configuration S3
As in configuration S2, in this configuration all the clusters lie initially on the plane perpendicular to the line-of-sight, but with initial velocities compatible with the energy dependent distribution function giving the denisty of Equation 3 randomly oriented on the plane.
Like in S2, the decay is fast for the massive clusters. Actually, clusters C1, C2, C3 and C4 reach the center within 30 Myr, while C5-C10 require ∼ 2 × 10 8 yr to decay. The exception is C11, which decay in ∼ 10 Myr. The rapidity of the orbital decay and the amount of mass carried to the center is clear from Figure 14 .
Comparing Figure 14 with Figures 3 and 10 , it is evident that the heavy clusters, which are the main contributors to the formation of a dense structure, lose much more mass than in case S1 and S2. Actually, while in simulations S1 and S2 clusters C1-C4 reach the center keeping more than 85% of their initial mass, in simulation S3 clusters C1 and C2 lose about 30% of their initial mass, which implies a total mass loss along their orbits of ∼ 2 × 10 6 M ⊙ which, consequently, cannot be packed around the galactic center. This is shown in Figure 15 , which shows the initial and final position on the x-y plane of the cluster C1 in configuration S1 and S3, respectively.
In this S3 case the BH motion shows a significant displacement (∼ 15 pc) within the first 5 Myr in correspondence with the close interaction with clusters C1 and C4 (see Figure 6 ).
The fast decay of the heaviest clusters in this configuration corresponds to a significant amount of mass transported into the galactic nucleus, as shown in Figure 16 which indicates a clear increase of the mass enclosed within 20 pc from the galactic center in form of decayed SSCs within 20 − 25 Myr from now. The fraction of mass enclosed in this region ranges from ∼ 0.2 to 0.35 times the initial total mass of the SCS, that means a local mass growth of more than 50%. After this rapid deposit of mass, however, the mass distribution does not evolve significantly in the following 20 Myr because of the limited efficiency of dynamical friction on smaller clusters. Actually, Figure 17 shows the mass enclosed in the sphere of 4, 10 and 20 pc radii centered on the BH as function of time. Such quantities increase smoothly up to ∼ 20Myr, and then saturate to a value which is, for the sphere with radius r = 20 pc, M dep = 2.2×10 6 M ⊙ , i.e. ∼ 30% of the total SCS mass. However, such amount of mass does not seem sufficient to give rise to a clearly visible surface overdensity resembling a nuclear star cluster overdensity in the surface density profile (see Figure 18 ).
Discussion and Conclusions
The aim of this work was the investigation of the possibility of a future formation of a bright nucleus in the galaxy Henize 2-10 via orbital decay and merger of some of its stellar clusters. As initial step, we used semi-analytical estimates, showing that the whole SCS of this galaxy should "collapse" to the galactic center in a time ranging between ∼ 0.1 Gyr to ∼ 1 Gyr, slightly dependent on the initial conditions chosen for the set of clusters. The predicted mass contribution of orbitally segregated clusters to the galactic nucleus has been estimated in the range 2 × 10 6 M ⊙ to 6 × 10 6 M ⊙ in dependence on initial conditions for the clusters.
To test these predictions and to quantify at best the likelihood of an Nuclear Star Cluster formation by successive merger events we performed direct summation N -body simulations. The aim was also to understand how the presence of a central BH would affect the formation process of a NSC in Henize 2-10 galaxy. The role of the presence of a BH in the galactic center has been already shown to influence the dynamical friction efficiency (see for example ; ; Arca-Sedda & Capuzzo-Dolcetta (2014a); Antonini (2014)). Moreover, the massive BH may also give a significant contribution to the tidal erosion process, leading (in some cases) to disruption of clusters before they reach the galactic center (Tremaine et al. 1975; Antonini 2013; Arca-Sedda & Capuzzo-Dolcetta 2014b) reducing or even preventing the formation of a Nuclear Star Cluster therein. In one of the simulations performed here (S1, which corresponds to initial positions of clusters distributed in 3D), we showed that it is possible to form a quite evident, bright, nucleus in the Henize 2-10 center within about 100 Myr. Anyway, since observations seem to suggest that the Henize 2-10 clusters lie on the same plane, we also investigated such a possibility in two simulations, S2 and S3. The mass deposition to the central galactic region is greater in S2 due to the nearly circularity of the assumed SSCs orbits, while in S3 the velocities of the clusters are oriented randomly in the x-y plane, leading the clusters to move on eccentric orbits. In particular, the heaviest clusters (C1-C4) move on orbits with much larger eccentricities than they have in the other configurations, and this leads to an enhanced action of the tidal heating process and a consequent spread of mass along their orbits. This implies a significant reduction of the amount of mass transported toward the galactic center. Therefore, in simulation S3 the nucleus is not dense enough to emerge clearly over the galactic background (Figure 18 ). Actually, once the NSC has been formed around the galactic center, its secular evolution is mainly driven by two-body relaxation, which leads to a further central concentration of the nucleus. This might conduce to the formation of a very dense nucleus and, perhaps, to a slow accretion of stars onto the MBH. Although such a process takes place on a time too long to be simulated with high precision simulations, we can estimate the mass of a dense stellar system of such type by evaluating the mass packed within a reasonably small region. In our N -body simulations we found that the mass enclosed within 20 pc saturates to a value ∼ 4 × 10 6 M ⊙ for the simulation S1, ∼ 5 × 10 6 M ⊙ for the simulation S2 and ∼ 2.2× 10 6 M ⊙ for the simulation S3. Therefore, if we accept that such mass concentrates over a relaxation time, we can compare such estimates with the expected mass of a NSC as obtained by extrapolation of the available of NSC -galaxy host observed correlations. Indeed, many authors have provided scaling laws connecting the NSC mass with the host quantities (total mass, bulge mass, velocity dispersion) using high-resolution observations (Böker et al. 2002; Côté et al. 2006; Ferrarese et al. 2006; Bekki & Graham 2010; Seth et al. 2010; Leigh et al. 2012; Turner et al. 2012; Erwin & Gadotti 2012; Scott & Graham 2013) , or theoretical arguments (Leigh et al. 2012; Antonini 2013; Arca-Sedda & Capuzzo-Dolcetta 2014b) . Using the Scott & Graham (2013) correlation between the NSC mass and the host galaxy mass:
and assuming for Henize 2-10 M g = 2.17 × 10 9 M ⊙ within 20" from the center, we found M N SC ∼ 6 × 10 6 M ⊙ using both the equation above, which is a value comparable to that of the mass accreted within 20 pc from the galactic center in simulations S1 and S2.
To conclude: with this work we think we have given some evidence to that a galaxy, like Henize 2-10, may form a massive BH at its center and later can grow around it a dense stellar nucleus as result of subsequent infalls of massive stellar clusters. The resulting NSC has a mass very similar to that of the preexisting BH. On the other hand, what effect could the NSC have on the BH growth and evolution remain obscure and out of the purposes of this work.
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